S_mry Many previous qualitative studies have shown that tumours are less vascular in the centre, and that host tissues become more vascular in close proximity to tumours. However, quantitative findings presented here for human colorectal cancer reveal some significant differences. Sections from 20 colorectal carcinomas (ten moderately and ten poorly differentiated) were immunostained with the QB/end/10 monoclonal to demonstrate blood vessels. These were measured by interactive morphometry and vascular volume density, surface density (Sv) and length density were recorded. In poorly differentiated carcinomas, the tumour centre was significantly less vascular than the periphery for all three parameters (P=0.008 for Sv). However, no significant difference was seen for moderately differentiated tumours, which constitute the majority of colorectal cancers. Surrounding host tissues did not show a general increase in vascular density close to tumours. Furthermore, when total viable tissue was considered, the vascular density of carcinomas was not markedly different from normal mucosa. In the centre of moderately differentiated carcinomas for example, the mean value for Sv was only 1.4 times higher than the mean value for normal mucosa. These findings suggest that colorectal cancers may elicit a relatively weak angiogenic response, consistent with their exceptionally slow growth rate.
Information about the distribution of blood vessels in and around tumours may be relevant to: (i) tumour growth and metastasis, (ii) the delivery of anti-cancer drugs, (iii) the effectiveness of radiotherapy and (iv) clinical outcome or prognosis. A number of qualitative studies on the vascular architecture of human tumours were carried out in the first half of this century (Goldmann, 1908; Lindgren, 1945) , but there was relatively little interest in this subject until recent reports that vascular density may provide prognostic information in human cancer (Srivastava et al., 1988; Weidner et al., 1991) .
Studies on the distribution of tumour blood vessels have been carried out mainly on spontaneous or experimentally induced animal tumours, and transplanted mouse tumours have been the most frequently used in these investigations (Warren, 1979) .Transplanted mouse carcinomas have been found to be less vascular in their centres, both by descriptive histological studies (Goldmann, 1908; Thompson et al., 1987) and by functional dye injection studies (Goldacre and Sylven, 1962) . The host tissues around these tumours have also been found to show an increase in vascular density close to the invasive edge (Goldmann, 1908; Thompson et al., 1987) . As animal tumour models may differ from their human counterparts in terms of size, location and mode of development, there is a need for further studies on the vasculature of human tumours. It is interesting to note that, in spontaneous feline and canine malignancies, Owen (1960) found that the vasculature remained functional throughout the tumour centre. Furthermore, in carcinogen-induced rat colon cancers, Gabbert et al. (1982) found a homogeneous distribution of blood vessels in both well differentiated and poorly differentiated tumours.
In the present investigation on human colorectal carcinoma, vascular densities were measured in different regions of 20 different primary tumours. Blood vessels were demonstrated in histological sections by immunostaining with the QB/end/10 monoclonal antibody, and vascular density was quantified by interactive morphometry. Our aim was to determine how the distribution of blood vessels in and around human colorectal carcinomas compares with the patterns so far described in various animal and human tumours. (vi) normal mucosa (N)-normal mucosa distant from carcinomas.
Statistics
The Mann-Whitney U-test was used to assess the statistical signiicane of inter-tumoral variations. For assessment of intra-tumoral variations, the differences between individual pairs of observations were calculated and the resulting sample then analysed by the one-sample Wilcoxon signed-rank test. Calculations were performed using Minitab statistical software.
Resuts

Evaluation of antibodies
The two endothelial antibodies evaluated for use in this study were QB/end/10 and JC70, since these are reported to be more sensitive and specific than the longer established vacular markers, Ulex europaeus agglutinin type 1 and factor VIII-related antigen (Parums et al., 1990; Anthony and Ramani, 1991) . The JC70 monoclonal showed optimal results at a dilution of 1:10, but vascular staining was less intense than for QB/end/10, and cross-reactivity with stromal plasma cells and histiocytes presented a major problem for vascular morphometry at the invasive edge. The QB/end/10 monoclonal which was chosen for this study gave strong vascular staining with minimal background at a dilution of 1:10. Some fibroblast staining was seen, but this was mostly restricted to the muscularis propria, and was rare within the tumour stroma. Large lymphatic channels identified in the submucosa did not stain for this antibody, and the lymphatic endothelium of three lymphangiomas examine stained either weakly or not at aLl, which agrees with findings of Ramani et al. (1990) . Within colorectal carcinomas, all vessel-like structures stained strongly for QB/end/10, which is consistent with evidence that tumours contain few, if any, lymphatic vessels (Folkman, 1985) . Some unstained and very weakly stained vessels were observed in the tumour-adjacent host tissues. These were assumed to be lymphatics, and therefore not included for this assessment. (Table I ).
These differences were all highly significant (P<0.O01).
For moderately differentiated tumours, the tumour centre was significntly more vascular than normal mucosa on the basis of Vv and Sv (P=0.015 and 0.045 respectively), but not Lv (Figure 4 ). In contrast, the centre of poorly differentiated tumours was significantly less vascular than normal mucosa on the basis of Lv (P=0.004), but not Vv and Sv (Figure 4 ).
These results indicate that vessels in the centre of moderately differentiated tumours are similar in number to those in normal mucosa, but tend to be larger in size. In the centre of poorly differentiated tumours, vessels are again generally larger than in normal mucosa, but here they tend to be fewer in number.
Vascular density in central and peripheral twnour regions In moderately differentiated tumours there was no significant difference between tumour centres and peripheries. However, in poorly differentiated tumours, the tumour peripheries were signiintly more vascular than tumour centres on the basis of all three parameters, Vv, Sv and Lv (P<0.05 in all), (Figure 4) .
The vascular density in the central region of poorly differentiated tumours was significantly less than in moderately differentiated tumours, on the basis of all three parameters, Vv, Sv and Lv (P<0.002 in all) (Figure 4) values for Vv, Sv and Lv that were approximately three times higher for moderately differentiated carcinomas, and 1.5-2 times higher for normal mucosa ( Figure 5 ). As a result, differences between these tumours and normal mucosa became more highly significant for Vv and Sv (P<0.01 in both), but remained not significant for Lv.
Assessment of connective tissue vascularity was not possible for poorly differentiated tumours, since with our equipment it was too difficult to distinguish between tumour connective tissue and dissociated neoplastic cells.
Vascular density in tumour-adjacent host tissues Assessment of the vascular density in tumour-adjacent host tissues excluded those areas where tumour invaded muscularis propria, as fibroblast staining in this layer made vascular assessment difficult. As a result, the regions assessed (TP2, HA, and HD) corresponded to areas where tumour was either invading submucosa or invading deep to muscularis propria. For most tumour sections examined in this study, the invasive edge was mainly seen in tissues deep to muscularis propria. Regions TP2, HA and HD were analysed for eight moderately differentiated and seven poorly differentiated carcinomas, as not all tumours in this study showed enough suitable tissue in these areas.
When total viable tissue was considered, no significant difference was seen between the peripheral tumour region and adjacent host tissues for either moderately or poorly differentiated tumours. However, when connective tissues were considered specifically (only possible for moderately differentiated tumours), the peripheral tumour region was found to be more vascular than adjacent host tissues on the basis of all three parameters (Figure 6 ). These differences were significant for Sv and Lv (P=0.014 and 0.030 respectively), and marginally significant for Vv (P=0.059).
Assessment of variation
Measurements of the three vascular parameters were not recorded until values obtained on the same field assssed ten consecutive times showed a coefficient of variation less than 0.1. This within observer-variation was much less marked than the field-to-field variation within any given region. For measurements of Sv, the mean coefficient of variation was lowest in normal mucosa, where it was 0.31 for total viable (Goldacre and Sylven, 19%2; Warren, 1970; Folkman, 1985) . Central necrosis is a common finding in transplanted mouse and rat carcinomas that have reached over 1-2 cm3 in size (Goldacre and Sylven, 1%2), and is also a common finding in human carcinomas, particularly in poorly differentiated cases.
In moderately differentiated carcinomas we find no 
